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Aqueous Powder Coating Dispersion 

The present invention relates to an aqueous powder coating dispersion that is particularly 
well-suited as a top coat for automobile bodies coated with a water-based paint. 

When it comes to the coating of automobile bodies, preference is given to liquid paints 
nowadays. These entail numerous environmental problems because of the solvents they 
contain. This is also true when water-based paints are used. 

Up until now, completely solvent-free dispersion paints have only been used in areas of 
application (for instance, as wall paints in building protection) that have relatively simple 
requirements in terms of the resulting surface properties. In those sectors where the coat- 
ing has to meet very high visual and mechanical standards, for example, in coil coating or 
for automotive top coats, it is currently not possible to completely do without organic 
solvents. Thus, many water-based paints have a residual content of organic solvents 
within the range from 10% to 20%, as a result of which they should actually be referred 
to as solvent-reduced coating systems. 

For this reason, there have been increased efforts in recent years to employ powder paints 
for coating jobs. The results, however, are not yet satisfactory, particularly since thicker 
layers are needed in order to achieve a uniform appearance. Moreover, coating films on a 
powder basis are not yet optimal in terms of their visual properties such as the flow and 
gloss or of their mechanical-technical properties such as resistance to chemicals, to 
weathering and to water drops. Furthermore, the cross-linking reactions suitable for the 
line conditions of powder coating operations in the automotive sector have some weak 
points w ith respect to chemical and scratch resistance. 
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of powder coating technology in existing coating lines is often not economically feasible 
and consequently the conversion to solvent-free coating systems is postponed until com- 
pletely new coating installations are built. Presently, in view of the relatively large parti- 
cle size of about 25 jim, powder coating technology is hardly able to create coating films 
that have a layer thickness of less than 50 jam. 

The installations for liquid coatings cannot be used for powder coatings. On the other 
hand, liquid coatings have the above-mentioned drawbacks. In particular, the more envi- 
ronmentally friendly water-based coating systems arc only a compromise between the 
solvent content and coating quality. In many cases, the film properties can only be 
improved upon at the expense of a higher solvent content. For this reason, efforts are 
under way to develop powder coatings in the form of aqueous dispersions which can be 
processed by means of liquid coating technology (U.S. patent no. 3,737,401, U.S. patent 
no. 3,787,230, German published examined application no. 2,601,618, German prelimi- 
nary published application no. 2,140,843, German patent no. 2,716,118, U.S. patent no. 
4,477,530, U.S. patent no. 4,686,249 BASF FfF AG (1987), U.S. patent no. 4,510,275, 
U.S. patent no. 4,122,055, U.S. patent no. 4,385,138, WO 96/37,561). 

These so-called powder slurries are stable aqueous dispersions of powder coatings. The 
first powder slurries were prepared by suspending powder coatings in water. The size of 
the powder coating resin particles ranged from 0.5 um to 80 \im. It was possible to attain 
coating formulations with a solids content in the range from 20° „ to 70%. In contrast to 
water-based coatings, the addition of an organic solvent as a (low agent is not necessary 
for powder slurries, since the aqueous phase allows the coating particles to relax well 
after the coating has been applied. This is possible because, at that point in time, the resin 
particles are present in a relatively low-viscosity medium and thus display sufficient 

pii'.Wlv.'! ^ i » i ! ) » liii:- i % v-vii i Is. \ i ! i v. i . . ... . . . j ' i . > : v v i .. ' * 
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powder coating. As far as the particle size of the resin is concerned, however, the systems 
differ greatly from each other, which is reflected by the application of the powder slurries 
at a lesser layer thickness (20 fim to 45 (im) of the stoved paint. Therefore, the advantage 
of powder coatings, namely, the separate timing of the melting of the resin particles to 
form a smooth film and the subsequent reaction to form a close network, is found in the 
powder slurry systems as well. 

Powder slurries and their preparation are the subject of numerous publications and patent 
applications. Thus, German preliminary published application no. 2,140,843 describes ii it- 
preparation of a powder coating by means of spraying or injecting a coating into water, 
separating and drying the precipitated powder. As an alternative to this preparation 
method, an attempt was made to convert the powder coating into powder slurries by 
means of mechanical prc-comminution, followed by fine wet-grinding in water. 

Moreover, a process is known from U.S. patent no. 4,268,542 in which a powder coating 
slurry is used that is suitable for the coating of automobiles. Here, first of all, a com- 
monly employed powder layer is applied onto the body of the automobile, followed by a 
second layer consisting of clear-lacquer slurry. High stoving temperatures (above 160°C 
[320°F]) are needed to process this clear-lacquer slurry. 

T.S. patent no. 5.37 ( )/)47 describes a powder slurry system for the coating of automo- 
biles that is based on a hydrox y-functional binder and on an *:-caprolactam-bloeked iso- 
phoronc-diisocyanate cross-linking agent. Once the powder slurry has been applied by 
means of a pneumatic-electrostatic technique, the slurry is first dried for 10 minutes at 
49°C f 1 20.2°F] and then stoved for 30 minutes at 1 77°C [350.6°F]. 
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The production processes described in the above-mentioned patents on powder slurry are 
based on the micronization of solid resins. These are first pre-mixed in a solids mixer, 
then homogenized in an extruder, pulverized with a mill and subsequently wet-ground in 
agitator mills to the final particle size in the range from 3 jam to 20 |um; this is done in 
water with the addition of several additives such as wetting agents and dispersants. 

This method is not only very complex and thus malfunction-prone, but it also entails 
restrictions that have to be taken into account already during the synthesis of the binders 
and the cross-linking agents. For instance, the glass transition temperature of the solid 
resin must not fall below a certain value so as to ensure sufficient caking, which is one of 
the prerequisites for the micronization and problem-free storage of the pulverized resin. 
The upper limit value of the glass transition temperature is determined by the requirement 
for a very good flow at low stoving temperatures, in other words, high reactivity on the 
part of the combination consisting of binder and cross-linking agent. 

Therefore, the present invention has the objective of providing a process for the prepara- 
tion of an aqueous powder coating dispersion that can be applied onto automobile bodies 
using existing liquid coating technology and, in particular, that can be already be stoved 
at temperatures of less than 150°C [302°F]. 

This objective is achieved in that a liquid melt containing binders and cross-linking 
ugents and possibly also catalysis, auxiliaries and other additives such as de-gassing 
agents, UV absorbers, radical traps and/or antioxidants is mixed and placed into an emul- 
sifying device, preferably under the addition of water and stabilizers, after which the 
resultant emulsion is cooled off and filtered. 
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polymeric components are fed into the dispersing device in the form of viscous resin 
melts. 

For this purpose, the binders and cross-linking agents have to be melted. The ratio of 
cross-linking agents to binders ranges from 0.6 to 1 : 1 .4, preferably 0.8 : 1 to 1 : 1.2. Pref- 
erably, the cross-linking agents and binders are heated in separate containers. In this 
context, the temperature is selected in such a way that both components are melted and 
their viscosities allow further processing, especially transport. The higher the temperature 
of the melt, the lower the viscosity and thus the better the mixing qualities that can be 
achieved. However, a cross-linking reaction has to largely be ruled out. The cross-linking 
reaction takes place much more rapidly at higher temperatures. For this reason, there is 
only a narrow temperature-time window in which the available retention time is suffi- 
ciently long for the cooling off while concurrently permitting a good emulsification. In 
order to utili/e this in the most efficient manner possible, the binder melt and the cross- 
linking agent melt are only combined immediately upstream from the mixing /one. 
Prior to conveying the components through the installation, steam can be advantageously 
employed to heat the unit to the desired process temperature. Afterwards, the molten 
binder- additive mixture and the cross-linking agent melt are conveyed by pumps through 
the entire installation, preferably in separate, heated feed lines and then metered into a 
mixer. The throughput rate of the feed pumps can be used to establish a stoichiometric 
ratio of binder-additive mixture to cross-linking agent melt. Preferably, the ratio of latent 
OH groups of the acrylate to the NCO groups of the curing agent is 0.6 to 1 : 1 .4, prefera- 
bly 0.8: 1 to 1 : 1.2. 

The liquid mixture is subsequently immediately emulsified in water. In this process, an 
emulsifier is added to the organic phase and. or to the water. If an aqueous cmulsifier-sta- 
bili/er solution is used, then the mixture is heated under pressure to a temperature close 
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The mixing and emulsifying operations can be carried out in two separate machines (Fig- 
ure 2) or in a single multi-stage machine (Figure 3). For cross-linking reasons, the second 
solution entails clear-cut advantages since the retention time at the high temperatures is 
minimized in this case. Any organic solvent still present can be subsequently separated 
from the aqueous phase by means of vacuum distillation at low temperatures. 

Following the emulsification, a cooling operation is immediately performed. This has to 
be done in such a way that, on the one hand, the dispersed resin particles do not stick 
together and, on the other hand, the retention time until the point in time when a cross- 
linking reaction can no longer occur is as short as possible. This objective can be 
achieved, for instance, by using a heat exchanger, by spraying cold water to bring about 
cooling or by injecting the emulsion into cold water. 

In order to rule out cross-linking reactions during the mixing, emulsifying and cooling 
phases, the retention time has to be kept as short as possible from the beginning of the 
mixing phase until the end of the cooling phase. This retention time amounts to less than 
5 seconds, preferably less than 1 second. This is why preference is given to continuous 
methods. For this purpose, machines are used such as rotor-stator dispersion devices 
(toothed colloid mills or wet-rotor mills, crown gear dispersion machines, intensive mix- 
ers) as well as static mixers (Figure 1 ). 

I hese machines can be employed in the configurations shown in Figures 2 and 3. In Fig- 
ure 2. the mixing and comminution step is earned out in two different machines. Rotor- 
stator aggregates as well as, preferably, static mixers, are used for the mixing, whereby 
the correct selection of the process parameters ensures sufficient mixing intensity while 
concurrently entailing the low est possible input lev els of energy and heating, that is to 
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improvement of the local performance level is possible through the above-mentioned use 
of a high-jTCSSiire homogenizes Here, the emulsion is pressed through fine openings at 
pressures ranging from 100 to 1,500 bar, preferably 100 to 1,000 bar, especially 100 to 
200 bar, which brings about a marked reduction of the droplet size and thus a better sta- 
bility of the emulsion during storage. 

The presented micronization variants yield solvent-free dispersions having mean particle 
sizes ranging from 100 to 10,000 nm, preferably 150 to 6,000 nm, especially preferred 
400 to 4,000 nm, highly preferred 600 to 3,500 nm and thus considerably finer panicies 
than the aqueous dispersions (particle size ranging from 3 to 20 |im) that can be achieved 
by wet-grinding of powder coatings according to the state of the art. 

Even though emulsion polymerization according to the state of the art results in fine 
polymer dispersions, these have very high molecular weights (> 100,000 g/mole) as a 
rule. A high molecular weight, however, leads to a lower diffusion rate of the polymer 
particles during the stoving phase, as a result of which, in turn, there can be flow defects 
in the coating film. According to the invention, however, the molecular weights range 
from 1,000 to 20,000 g/mole, preferably 1,000 to 10,000 g/mole, especially preferred 
1,500 to 6,000 g/mole, most highly preferred 1,500 to 4,000 g/mole, so that the men- 
tioned disadvantage of a lower diffusion rate does not occur. 

Examples of possible state of the art binders for the pow der coating dispersions according 
to the invention are polyacrvlates. polyurethancs, aminoplastic resins. 

Likewise, it is also possible to employ binders containing epoxide. Consequently, 
according to the invention, an aqueous powder coating dispersion can also be used that 

' . . . . . * i i* ......... r> ., i, , 
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a) at least one binder containing epoxide with a content of 30% to 45%, preferably 30% 
to 35%), of monomers containing glycidyl, optionally with a content of vinyl-aromatic 
compounds, preferably styrene, 

b) at least one cross-linking agent, preferably straight-chain, aliphatic dicarboxylic acids 
and/or carboxy-functional polyesters, and 

c) optionally catalysts, auxiliaries, additives that are typical for powder coatings such as 
de-gassing agents, flow agents, UV absorbers, radical traps, antioxidants, 

and 

component B is an aqueous dispersion containing 

a) at least one non-ionic thickening agent and 

b) optionally catalysts, auxiliaries, anti-foaming agents, dispersion auxiliaries, wetting 
agents, preferably carboxy-functional dispersants, antioxidants, UV absorbers, radical 
traps, small amounts of solvent, flow agents, biocidal agents and/or water-retention 
agents. 

Dispersions having such a composition arc used especially for powder clear lacquers. 

Examples of suitable cpoxy-functional binders for the solid powder coating that is used 
for the preparation of the dispersion arc polyacrylate resins containing epoxide groups 
that can be produced by means of the copolymeri/ation of at least one ethylenically 
unsaturated monomer that contains at least one epoxide group in the molecule with at 
least another ethylenically unsaturated monomer that does not contain an epoxide group 
in the molecule, whereby at least one of the monomers is an ester of acrylic acid or of 
methacrvlic acid. Such polyacrylate resins containing epoxide groups are known, for 
instance, from HP-A 299,420, DE-B 2,214,650, DE-B 2,749.576, US-A 4,091,048 and 
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Examples of ethylenically unsaturated monomers that do not contain an epoxide group in 
the molecule are alkyl esters of acrylic acid and methacrylic acid having 1 to 20 carbon 
atoms in the alkyl radical, especially methyl acrylate, methyl methacrylate, ethyl acrylate, 
ethyl methacrylate, butyl acrylate, butyl methacrylate, 2-ethylhexyl acrylate and 2-ethyl- 
hexyl methacrylate. Other examples of ethylenically unsaturated monomers that do not 
contain an epoxide group in the molecule are acid amides such as, for instance, acrylic 
acid amide and methacrylic acid amide, vinyl-aromatic compounds such as styrene, 
methyl styrene and vinyl toluene, nitriles such as acrylonitrile and methacrylonitrile, 
vinyl halidcs and vinylidene halides such as vinyl chloride and vinyiidene fluoride, vinyi 
esters such as, for instance, vinyl acetate and monomers containing hydroxyl groups such 
as, for instance, hydroxycthyl acrylate and hydroxycthyl methacrylate. 

The polyacrylate resin containing epoxide groups normally has an epoxide equivalent 
weight ranging from 400 to 2,500, preferably 420 to 700, a number average molecular 
weight (determined by means of gel permeation chromatography using a polystyrene 
standard) of 2,000 to 20,000, preferably 3,000 to 10,000, and a glass transition tempera- 
ture (T< ; ) ranging from 30°C to 80°C [86°F from 176°F], preferably from 40°C to 70°C 
[104°F to 158°F], especially preferred 40°C to 60°C [104°F to 140°F] (measured by 
means of Differential Scanning Calorimetry DSC). Very special preference is given to a 
temperature of about 50°C [122°F]. Mixtures of two or more acrylate resins can also be 
used. 

The polyacrylate resin containing epoxide groups can be prepared according to well- 
known methods by means of polymerization. 

[examples of possible cross-linking agents are all of* the state of the art compounds know n 
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the ready-made powder clear lacquers, other cross-linking agents containing carboxyl 
groups can optionally be employed as well. Examples of these are saturated branched or 
unsaturated straight-chain dicarboxylic acids and polycarboxylic acids as well as poly- 
mers with carboxyl groups. 

Furthermore, powder coatings are also suitable that contain an epoxy-functional cross- 
linking agent and an acid-functional binder. 

Examples of suitable acid-functional binders are acidic polyacrylate resins which can be 
prepared by means of copolymerization of at least one ethylcnically unsaturated mono- 
mer that contains at least one acid group in the molecule with at least another ethyleni- 
cally unsaturated monomer that does not contain an acid group in the molecule. 

The binder containing epoxide groups or the cross-linking agent containing epoxide 
groups and the carboxylic agent or the binder are normally used in such an amount that, 
per equivalent epoxide group, there are 0.5 to 1.5, preferably 0.75 to 1.25 equivalent car- 
boxyl groups. The quantity of carboxyl groups present can be determined by means of 
titration using an alcoholic KOH solution. 

According to the invention, the binder can contain vinyl-aromatic compounds, especially 
styrene. However, in order to limit the risk of crack formation, their content does not lie 
above 35°<i by weight. Preference is giv en to 10'\. to 25° u by weight. 

The solid powder coatings optionally contain one or more suitable catalysts for the cur- 
ing. Suitable catalysts are phosphonium salts of organic or inorganic acids, quaternary 
ammonium compounds, amines, imidazole and imida/ole derivatives. The catalysts are 
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Examples of suitable phosphonium catalysts are ethyl triphenyl phosphonium iodide, 
ethyl triphenyl phosphonium chloride, ethyl triphenyl phosphonium thiocyanate. ethyl 
triphenyl phosphonium acetate acetic acid complex, tetrabutyl phosphonium iodide, 
tetrabutyl phosphonium bromide and tetrabutyl phosphonium acetate acetic acid com- 
plex. These as well as other suitable phosphonium catalysts are described, for example, in 
U.S. patent no. 3,477,990 and U.S. patent no. 3,341,580. 

Examples of suitable imidazole catalysts are 2-styrylimidazole, l-benzyl-2-methyl- 
mudazole, 2-methylimidazole and 2-butyiimidazoie. These as weii as other imidazole 
catalysts arc described, for instance, in Belgian patent no. 756,693. 

Moreover, the solid powder coatings can optionally contain auxiliaries and additives as 
well. Examples of these arc flow agents, antioxidants, UV absorbers, radical traps, pour- 
ing auxiliaries and de-gassing agents such as, for instance, benzoin. 

Suitable flow agents are those on the basis of polyacrylates, polysiloxanes or fluorine 
compounds. 

Antioxidants that can be employed here arc reducing agents such as hydrazides and 
phosphorus compounds as well as radical traps, for instance, 2,6-di-fe/7-butyl phenol. 

I V absorbers that can be used are preferably tria/ines and benzotriphenol. 

Suitable radical traps are 2,2,6, 6-tetramethyl piperidine derivatives. 

As another component, the aqueous component B of the powder coating dispersion con- 
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aa) a hydrophilic skeleton that ensures adequate water solubility, and 
i.b) hydrophobic groups that are capable of associative interaction in an aqueous 
medium. 

Examples of hydrophobic groups that can be used are long-chain alkyl radicals such as, 
for instance, dodecyl, hexadecyl or octadccyl radicals, or alkaryl radicals such as, for 
example, octyl-phenyl or nonyl-phenyl radicals. 

As hydrophilic skeletons, preference is given to the use of polyacrylates, cellulose ether 
or, especiaiiy preferred, poiyurethanes which contain the hydrophobic groups as polymer 
building blocks. 

Especially preferred as hydrophilic skeletons are poiyurethanes that contain polyether 
chains as building blocks, preferably consisting of polyethylene oxide. 

In the synthesis of such polyether poiyurethanes, the diisocyanates and/or polyiso- 
cyanates, preferably aliphatic diisocyanates, especially preferred optionally alkyl-substi- 
tuted 1,6-hcxamethylene diisocyanate, serve to link the polyether building blocks having 
hydroxyl-group terminals to each other as well as to link the polyether building blocks to 
the hydrophobic end-group building blocks which can be, for example, mono functional 
alcohols and/or amines having the above-mentioned long-chain alkyl radicals or aralkyl 
radicals. 

Furthermore, component R can contain catalysts. How agents, antioxidants. I 'V absorb- 
ers, radical traps and cross-linking agents. Essentially, the substances already listed for 
component A are a possibility here, too. 

*■ t . ■ ! . , • • , . " , . . !"...;... . .. .... ! 1 .1 . ... , 1 
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Examples ofanti-foaming agents are preferably modified polysiloxanes. 

Dispersion auxiliaries are, for instance, preferably ammonium or metal salts of polycar- 
boxylates. 

Examples of neutralizing agents that can be used here are amines, ammonia and metal 
hydroxides. Other preferred binders according to the invention are hydroxy-functional- 
ized compounds, especially acrylates containing hydroxyl groups. Especially preferred 
are hydroxy- functionali/ed polymcthacrylatcs. 

Other preferred binders according to the invention are hydroxy-functionalized com- 
pounds, especially acrylates containing hydroxyl groups. Especially preferred are 
hydroxy-functionalizcd polymcthacrylatcs. Examples of such polyhydroxy-functional 
polyacrylates (polyacrylate polyols) are those which preferably contain hydroxyalkyl 
esters of acrylic acid, mcthacrylic acid or another a-ethylenically unsaturated, 
/?-ethylenically unsaturated carboxylic acid as the comonomer units. These esters can be 
derived from an alkylenc glycol that is esterified with an acid, or they can be obtained by 
reacting the acid with an alkylenc oxide. 

As the hydroxyalkyl esters, preference is given to the use of hydroxyalkyl esters of 
(mcth)acrylic acid in which the hydroxylalkyl group contains up to 4 carbon atoms, or 
mixtures consisting of these hydroxyalkyl esters. 

Examples of these are 2-hydroxyethyl-(meth)acrvlate, 2- or 3-hydroxypropvl- 
(meth)acrvlate or 4-hydro\ybutyl-(meth)acrylate. 

Examples of cross-linking agents in this case arc preferably blocked isocyanates. Thanks 
to the systematic combination of different polyisocyanatc pre-polymcrs containing dif- 
fering blocking agents, the reactivity of the cross-linking agent vis-a-vis polymeric bind- 
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The above-mentioned dispersion auxiliaries or emulsiflers can be employed for stabiliza- 
tion purposes. In addition, it is also possible to use other substances. 

In order to ensure that the application and film properties of the powder slurry do not 
change even after prolonged storage of the material, the binders as well as the cross- 
linking agents must not be able to react at room temperature with each other or with other 
additives or with the water that serves as the solvent. 

The physical stability is reflected in the settling and agglomeration behavior of the resin 
particles in the aqueous solution. The fine dispersions consisting of coating powder parti- 
cles or the micronized reagents present in the powder slurry have a mean particle size 
ranging from 100 to 10,000 nm, preferably 150 to 6,000 nm, especially preferred 400 to 
4,000 nm, highly preferred 800 to 3,500 nm and molecular weights ranging from 1,000 to 
20,000 g/mole, preferably 1,000 to 10,000 g/mole, especially preferred 1,500 to 6,000 
£/moIe, highly preferred 1,500 to 4,000 g/mole, whereby the fine dispersions are not sta- 
ble without the appropriate surface-active substances and consequently would lose their 
processing properties and the coating behavior as a result of particle interactions. 

In any case, the stabilizers have to have the following properties: 

1. They should be very efficient, that is to say, small doses should help to stabilize large 
quantities of dispersion material. 

2. They hydrophilia should be such that they can be "switched", that is to say, it should 
be possible to convert the hydrophilic groups in the solids into hydrophobic structural 
components by means of chemical reactions. 
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3. The chemical structure should be compatible with the coating resin in order to pre- 
vent deterioration of the property profile as a result of de-mixing or incomplete build- 
up. 

According to the invention, possible emulsifiers are those on the basis of polyurethane 
and prepared by means of the co-addition of hydrophilic and hydrophobic polyalcohols 
and polyesters with diisocyanates and amine lengthening, whereby the substance compo- 
sition and thus the amphiphilia, the molecular weight and the number of functional group 
can all be varied. In this context, the amphiphilia is adjusted to the special coating resin- 
water interface in such a way that an effective and long-term stable dispersion can be 
achieved with a minimal amount of stabilizer. The remaining functional groups, in turn, 
are selected in such a way that they are chemically incorporated into the coating film 
during the curing and thus "de-hydrophilize" the cmulsifier. 

Alternatively, transferring polymerization in a lyotropic phase can be employed to pro- 
duce short-chain amphophilic polyacrylates from acrylic acid, ethyl hexyl acrylate, 
hydroxyethyl acrylate and an anionic comonomer. Aside from the urcthanc chemistry, 
these systems also allow a "carboxy-epoxy" two-component structure. The powder coat- 
ing dispersion according to the invention can be used as a pigmented coating in the form 
of a clear lacquer as a top coating of primers, preferably in the automotive industry. 

The powder coating dispersions according to the invention can be applied by means of 
the methods known from liquid coating technology. In particular, they can be applied by 
means of spraying techniques. It is likewise possible to employ electrostatically aided 
high rotation or pneumatic application. 
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amounts to 4()°C to 7()°C [104°F to 158°FJ, preferably 5()°C to 65°C [122 C F to 149°FJ. 
The flashing-off is carried out for 2 to 1 0 minutes, preferably 4 to 8 minutes at room tem- 
perature. Flashing-off is done again for the same period of time at an elevated tempera- 
ture. 

The stoving operation can be already conducted at temperatures of 13()°C [266°F], It is 
feasible to perform the stoving operations at temperatures ranging from 130°C to 180°C 
[266°F to 356°F], preferably from 135°C to 155°C [275°F to 31 1°F]. 

Below, the invention will be described in greater detail with reference to the examples. 

I. Aqueous powder coating dispersions on the basis of OH-acrylate/blockcd poly- 
isocyanate prepared by dispersing a powder coating in water and by subsequently 
setting the particle size by means of wet-gnnding in a sand mill. 

1 ) Preparation of the acrylate resin 

40 parts of xylene are prepared and heated up to 130°C [266°FJ. Then, at a tem- 
perature of 130°C [266°F] over the course of 4 hours, the following arc metered 
into the recipient via two separate inlets: inuiator 4.5 parts of TBPEH (te/7-butyl 
perethyl hexanoate) mixed with 4.86 parts of xylene, and monomer 15 parts of 
styrene, 20 parts of n-butyl mcthacrvlate, 30 parts ofcyclohcxyl methacrylate, 35 
parts of 2-hydroxyethyl methacrylate. Subsequently, the mixture is heated up to 
170 : 'C [338°F] and the solvent is extracted in a vacuum - 100 mbar. 

2) Preparation of the powder clear lacquer 

56.07 parts of acrylate resin (Oil content of 4.58°u), 20.93 parts of Vestanat B 
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(catalyst) arc blended together thoroughly in a Henschel fluid mixer, extruded on 
a Buss PLK 46 extruder, ground up in a Hosohawa ACM2 mill and sifted through 
a 125-jam sieve. 

3) Preparation of the dispersion 

1.6 parts of Orotan 731 K (dispersion auxiliary), 0.2 parts of Troykyd 777 (anti- 
foaming agent), 0.4 parts of Surfinol TMN 6 (cross-linking agent), 1.8 parts of 
Acrysol RM8 (Rohm & Haas) (non-ionic associative thickening agent on a poly- 
urethanc basis) as well as 35 parts ol the powder clear lacquer prepared according 
to 2) are dispersed in 61 parts of demineralized water. The material is ground up 
in a sand mill for 2 hours. The subsequently measured average particle size is 3.6 
jim. The material is filtered through a 50-jim filter, after which 0.5% Byk 345 
(flow agent) is added. 

4) Application of the dispersion 

A cup gun is used to apply the slurry onto steel plates coated with water-based 
coating. The plate is flashcd-off for 5 minutes at room temperature and for 
another 5 minutes at 60°C f 140°F]. Subsequently, the plate is stoved for 30 min- 
utes at a temperature of 150°C [302°F]. At a layer thickness of 40 jim, a high- 
gloss clear lacuuer film is produced that has MEK resistance (> 100 up-and-down 
strokes). The clear lacquer film displays good resistance to condensation water. 

II. Powder slurries prepared by mixing melts and their subsequent dispersion in 
water 

1 ) The powder slurry is preferably prepared as follows: 
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Tinuvin 144 (HALS), 0.4 parts of Additol XL 490 (flow agent), 0.4 parts of ben- 
zoin (de-gassing agent) and 0.5 parts of dibutyl tin oxide (eatalyst) are all heated 
up to a process temperature of 139°C [282. 2°F] This process temperature is 
selected in such a way that both components are melted and their viscosities allow 
further processing, particularly transport. 

Prior to transporting the components through the installation, steam is employed 
to heat the installation up to the process temperature. Then, the molten binder- 
additive mixture and the cross-linking agent melt arc conveyed by pumps through 
the entire installation in separate, heated lines and then metered into a mixer. The 
pumps function volumetrically. The throughput rate of the pumps is used to 
establish a stoichiometric ratio of binder-additive mixture to cross-linking agent 
melt (OH groups of the acrylate to latent NCO groups of the curing agent - 1:1). 
The melts are mixed molccularly disperse within a very short time (< 5 s) in a 
mixing chamber (static mixer, manufactured by the Sul/er GmbH company). The 
resulting homogenous melt, which is still at a temperature above the melting point 
of the components, is conveyed to a pre-cmulsifying zone, where an aqueous 
solution consisting of 61 parts of dcmineralized water, 1.6 parts of Orotan 731 K 
(dispersion auxiliary), 0.2 parts of Troykyd 777 (anti-foaming agent) and 0.4 parts 
of Surfinol TMN 6 (cross-linking agent) is metered by a pump that functions 
volumetrically. Prior to being metered in, the aqueous solution was heated up to 
the process temperature of 139°C [282. 2°F] in a pressure-proof container 3. By 
applying energy by means of a rotor-stalor system or a static mixer, a pre-emul- 
sion is then created. 

In this context, the resin cross-linking agent melt forms drops (dispersed phase) 
in the aqueous solution (continuous phase). The drops of the pre-emulsion are 
reduced to a particle size between 1,000 and 3,000 nm in another zone by means 

'■- •' ' - .' — 1 - i ^ » ■ 
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Following the dispersion, the dispersions are eooled off by the injection of cold 
water. The amounts of deminerali/ed water for the pre-emulsification and for 
cooling off the dispersions are dimensioned in such a way that the resultant dis- 
persion has a solids content of about 35%. Subsequently, 1.8 parts of Acrysol 
RM8 (thickening agent, relative to a solids content of 35%) are added to the dis- 
persion and filtered through a 50-jim filter. 

2) Application of the dispersion 

A cup gun is used to apply the slurry onto steel plates coated with a water-based 
coating. The plate is flashed-off for 5 minutes at room temperature and for 5 min- 
utes at 60°C [140°F]. Subsequently, the plate is stoved for 30 minutes at a tem- 
perature of 150°C [302°F]. At a layer thickness of 40 fim, a high-gloss clear lac- 
quer film is produced that has MEK resistance (> 100 up-and-down strokes). The 
clear lacquer film displays good resistance to condensation water. 
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Patent Claims 

1. Process for the preparation of an aqueous powder coating dispersion, characterized 
in that a liquid melt containing binders and cross-linking agents and possibly also 
catalysts, auxiliaries and other additives such as de-gassing agents, flow agents, UV 
absorbers, radical traps and/or antioxidants is placed into an emulsifying device pref- 
erably under the addition of water and stabilizers, after which the emulsion thus 
obtained is cooled off and filtered. 

2. Process according to Claim 1, characterized in that binders and agents on the one 
hand, and cross-linking agents on the other hand, are melted down separately, subse- 
quently mixed with each other, after which the dispersion is carried out. 

3. Process according to Claim 1 or 2, characterized in that the ratio of binder to cross- 
linking agent in the melt ranges from 0.6 to 1 : 1 .4, preferably 0.8:1 to 1 : 1 .2. 

4. Process according to one of Claims 1 through 3, characterized in that the melt is 
mixed for less than 5 seconds, preferably less than 1 second. 

5. Process according to one of Claims 1 through 4, characterized in that the mixture is 
pressed through fine openings at pressures ranging from 100 to 1,500 bar, preferably 
500 to 1,000 bar. 



operation. 
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7. Process according to one of Claims 1 through 6, characterized in that the cooling is 
effectuated by means of heat exchangers, spraying the emulsion with water or evapo- 
rating the emulsion in water. 

8. Process according to one of Claims 4 through 6, characterized in that rotor-stator 
dispersing devices, preferably static mixers as well as toothed colloid mills or wet- 
rotor milk, rrnwn gnar dispersion machines, intensive mixers or high-pressure 
homogenizers are used. 

9. Process according to one of Claims 1 through 8, characterized in that polyacrylate 
resin, polyurethane resin and aminoplastic resins as well as epoxy acrylates, prefera- 
bly hydroxy-functionali/ed acrylates, are used as the binders. 

10. Aqueous powder coating dispersion, characterized in that it can be obtained by 
means of a process according to one of Claims 1 through 8. 

11. Aqueous powder coating dispersion according to Claim 10. characterized in that 
the mean particle si/c of the powder coating particles lies within the range from 100 
to 10,000 nm, preferably 150 to 6,000 nm. and the molecular weight lies between 
1.000 and 20,000 g'mole, preferably 1,500 and 4,000 g'mole. 

12. l.'se of the aqueous powder coating dispersion according to either Claim 10 or 12 for 
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Figure 2: Process variants with separate mixing and emulsifying steps. 
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Figure 3: Process variants with combined mixing and emulsifying steps. 
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